Essentials of Immunology 
VBSC 211 Section 001 
Spring 2024 


Chapter 2 
Innate Immunity: The immediate response to 
infection 


fo BP» > BY 


https://www.thepartnershipineducation.com/resources/immune-system 


Bhuvana Katkere, M.D. Ph.D 
Assistant Teaching Professor 
Department of Veterinary and Biomedical Sciences 


Email: bxk33@psu.edu 
Office: 126 ASI 


Evolution of Immune System 


Innate Immune system can be found in all multicellular plants and animals - Ancient 


Innate Only 
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AG-mediated immune diversity 


Adaptive Immune system evolved in jawed vertebrates 

Innovative genetic modification of innate-immune components 
Added diversity 

Advanced system 


Litman, G., Cooper, M. Why study the evolution of immunity?. Nat Immunol 8, 547-548 (2007). 


Course of a Typical Immune Response to an Infection 
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Defense Against Infection — Two Arms of Immune System 


Immune Response 


Innate Immune Response 


Innate Immune Responses do not 
confer memory -- ‘not immunity’ 


First line of defense — Innate Phase 
1 - Immediate Innate Immune 
Responses (CHAPTER 2) 


Second line of defense — Innate 
Phase 2- Induced Innate Immune 
Responses 

(CHAPTER 3) 


Adaptive Immune 
Response 


Types of Adaptive Immunity 
1. Active Immunity 
° Infection-Induced Immunity >Active 
post-infection immunity 
Vaccine-induced Immunity >Active 
vaccine-induced immunity 


2. Passive Immunity 
(Confers temporary immunity) 
Maternal passive immunity 
Serum antibodies from Immune 
Individuals (Antibody Transfer) 
Lab-generated monoclonal antibodies 


Defense Against Infection 


Immune Response 


Innate Immunity 


1. Response Time: Rapid response (0-96hrs) 
— First line of defense — Innate Phase 1 - 
Immediate Innate Immune Responses 
(CHAPTER 2) 


e — Physical, Mechanical, Chemical and Biological Barriers 
Second line of defense — Innate Phase 2- 
Induced Innate Immune Responses (CHAPTER 3) 
e Induced early responses by Innate cells 

Antigen Specificity -Non-Specific Antigen response 

— Limited number of specificities (less diverse) 

Memory — No memory 

Heritability — inborn (heritable) 

Fixed Response — constant during the course of 
response 

Effector Cells: Induced early responses by Innate 
cells- 
= Dendritic Cells, Macrophages, Neutrophils, Eosinophils, 


Basophils, Mast Cells - Specificity to general molecular patterns 
(PAMPS, DAMPS) 


Adaptive Immunity 


Adaptive 
Response Time: Late responses (after 
96hrs; days not hours; not rapid) 
Antigen Specificity - Specific Antigen 
Response 


— Vast range of highly selective specificities(Diversity) 
Memory — Has memory 
Heritability — Not heritable, Acquired, 
Inducible 
Variable response — Improves during 
the course of the response 
Effector Cells - Specialized cells for 
effector function — B and T cells (with 
antigen-specific receptors) 
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The Five Elements of Innate Immune Defense 


Immediate Innate Immune Responses 


1. Physical and mechanical barriers to block to microbial 
entry and physical danger 

2. Chemical barriers (antimicrobial peptides and 
enzymes) inhibit microbial growth and invasion 


[Inducible and/or constitutive] 


3. Microbiological barriers prevent pathogen from 
crossing epithelia, colonizing tissues and causing 


a OT 

4. Immune cell recruitment to amplify and enhance 
defense 

5. Recognition system to identify the entry of foreign 
microbes - PRRs 


Induced Innate Immune Responses 
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oe b ae Prevention of 
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Pathogen invades tissue and 
proliferates 


Pathogen 
Eliminated 
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Recognition by immediate innate > 
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= 
Failure to control 


Pathogen not eliminated with immediate 


innate immune response elements Immediate Innate Immune 


Response: 0-4hrs 


Proceed with Induced Innate Immune 
Response 


Three Basic Functions of Immediate Innate Responses 


1. Pathogen Identification: 
Not Pathogen-specific for Innate Responses 
Non-cell-based mechanisms to mark (label/opsonize) pathogens 
— Complement proteins 
—  Pentraxin 
2. Induction of inflammation: To bring cells and molecules that can kill 


pathogens into the site of infection. 

— Anaphylatoxins (Inflammatory mediators such as complement 

subunit ‘a’) 
— Coagulation cascade 
— Kinin system 
3. Elimination or suppression: Kill or block the ability of pathogens to cause 

damage 

— Antimicrobial enzymes (lysozyme, phospholipases) 

— Antimicrobial peptides (Defensins — a, b, q (humans make only a, b 


forms); Cathelicidins; Histatins (produced in the oral cavity, 
antifungal) 


— Antimicrobial proteins [Lectins (Lecticidins or carbohydrate- 
binding protein); Complement; Pentraxins; Anaphylatoxins] 
— Protease inhibitor 


— Fatty acids in Cerumen (earwax) 


Phase 1: Immediate Innate Immune Response 
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Epithelial Ciliary Antimicrobial Enzymes 
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/Mucosal = = Acids (Low pH) 
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Movement of Tears 


or other bodily Coagulation System 
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Route of entry 


Oro-nasal cavity 
and Respiratory 


Pathogens MUST breach barriers to successfully cause an infection 


Routes of Infection for Pathogens 
Type of Pathogen 


Mode of Transmission 


Pathogen Disease 
Measles virus Measles Paramyxovirus 


Influenzavirus influenza _[Orthomyxovirus 
Varicella-zoster___—_——_—(Chickenpox__——_—(Herpesvirus 
Epstein-Barr Virus Mononucleosis Herpesvirus 
onsilitis Gram-positive bacterium 
Haemophilus Influenzae [Pneumonia [Gram-negative bacterium 
Neisseria Meningitidis______ Meningitis [Gram-negative bacterium 


Bacillus anthracis Inhalation anthrax Gram-positive bacterium 


Inhalation or ingestion of infective 
material (Saliva droplets) 


Gastrointestinal 


Urogenital tract 


Rotavirus 


Picornavirus 


almonella enterica 
sp.enteritidis 
almonella enterica 
sp.typhimurium 


Vibrio cholerae [Cholera [Gram-negative bacterium 
Salmonella enterica ssp.typhi [Typhoid [Gram-negative bacterium 
Trichuris trichiura [frichuriasis__|Helminth 
TE B virus Hepatitis B Hepadnavirus 
Virus (HIV) E EE rome (AIDS) Retrovirus 


Neisseria gonorrhoeae Gonorrhea S Gram-negative bacterium 


Gram-negative bacterium 


Contaminated water or food 


Sexually transmitted/via infected blood 


Sexually transmitted 


Microflora on 
mucosal surfaces 


Treponema pallidum Syphillis Bacterium (spirochete) 
Candida albicans Candidiasis, thrush 


Fungus 
Pneumocystis jirovecii Pneumonia 


Resident Mibrobiota (Normal microflora) 
Resident lung microbiota 


External Surface 
(skin) 


Wounds and 
Abrasions 


Insect Bites 


Physical contact Trichophyton Athlete's foot Fungus 


Minor Skin abrasions Bacillus anthracis [Cutaneous anthrax (Gram-positive bacterium 
Puncture wounds (lostridiumtetani ______ffetanus_ Gram-positive bacterium 
Handling infected animals Francisella tularensis ffularemia [Gram-negative bacterium 
Mosquito bites (Aedes aegypti) _—(Flavivirus irus 

Deer tick bites Borrelia burgdoferi [Lyme disease [Bacterium (spirochete) 
Mosquito bites (Anopheles) |Plasmodiumspp. [Malaria Protozoan 


Physical barriers separate the body from its external environment 
Non-specific defenses and barriers prevent pathogens from crossing the epithelia and colonizing tissues 


eyes 
oral 
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PE gastrointestinal 
pnag ract 
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respiratory 
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Epithelia 
and 
Mucosal 


Ear — Part of skin and epithelia Surfaces 
Nose — Part of Respiratory Tract Mucosal 

Surface 

Oral Cavity — Part of the GI Tract 

Mucosal Surface 


A variety of different types of epithelium line 
the barrier tissues 


Not Mucosal Epithelium 
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Mucosal 
Epithelial 
surfaces 


Skin blocks 
access to internal 
Features of epithelial cells that tissues 


execute the barrier function 


e Apical surface 
e Tight junctions Airway lumen p ' a 6 j WU f) —Microvill 
e Basal lamina — thin sheet of | ee ; > 4 
connective tissue Apical {f Tont a. a ceria 
e Stratified epithelium (in ne e 
some cases) Basolateral finan" <i — 
e Polarization of cells E = 
Loose connective tissue Henn 


Bhattarai P, et.al. J Clin Med. 2020 Aug 27;9(9):2778. Subepithelium Cc ni |: nite -——_J~ 
Bacterial Pathogenesis: a Molecular approach 3rd ed E pith elial cells Basolateral surface 


Air Flow 


Mechanical Barriers 
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A goblet cell in gut 
epithelium that secretes 
mucus (red), which 
protects epithelial 
surfaces from invasion 
by microorganisms. 


Longitudinal flow of air or fluid 


Mechanical Barriers | 


Periciliary 
fluid layer 


Submucosal 
glands 


Longitudinal flow of air 
Movement of mucus by cilia 
Peristalsis 

Movement of Tears 
Sneezing reflex 

Emesis (vomiting) 


Movement of 
mucus by cilia 


PHYSIOLOGIC STEREOTYPIC 
ILEUS PERISTALTIC BEHAVIOR 


PROPULSIVE 
SEGMENT 


RECEIVING 
SEGMENT 


Contractile 


Contracted Relaxed 
Relaxed ______________ Contracted 
Direction of Propulsion ——————______> 


Circ. Muscle —>Relaxed 
Long. Muscle —> Relaxed 


Tears 
Nasal cilia 


Microbiological Barrier 


Microbiota or Normal Microflora form the Microbiological Barriers 


Microbiological barriers prevent pathogens from crossing epithelia, colonizing 
tissues, and causing infection 
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Antibiotic treatments disrupt the natural ecology of the colon 


Gut lumen 
commensal bacteria 


More details in Chapter 10 


m Epithelia form specialized physical, mechanical 


stratum corneum =Z watertight lipid layer that provide innate 
stratum lucidum A defenses in different locations 


stratum granulosum 


stratum spinosum A TA Multiple layers 
TA | Tight junctions 


stratum basale 


goblet cell In the lung, the airways are lined with ciliated 


Provides Physical, Chemical, and Mechanical 
ieee H barriers using different components (Secretion of 
mucous gland mucus and antimicrobial peptides and enzymes, 
tight junctions, sneezing) 


Physical, Chemical and Mechanical barriers 


goblet cell 


Ciliated epithelium 

Specialized cells 

Secretion of mucus and antimicrobial peptides and 
enzymes, tight junctions, peristalsis, emesis 
(vomiting) 


macrophage 


Paneth cells 
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More details in Chapter 10 


A combination of different barriers block, kill and expel pathogens 


Movement of tears — Mechanical Barrier 

Integrity of Corneal Epithelium — Physical Barrier 

Content of tears — Mucin, antimicrobial enzymes (lysozyme), 
Immunoglobulins — Chemical Barrier 


Sneezing, longitudinal air flow— Mechanical Barrier 
Respiratory Epithelium — Physical Barrier 

Mucin, antimicrobial enzymes (lysozyme), Surfactants 
Immunoglobulins — Chemical Barrier 


Airway lumen 


Mobile gel 


Clinical Vignette 


What happens when the barrier 
function is compromised? 


Genetically Impaired Barrier 
Function 


Clinical evidence — Genetically Impaired Barrier Function 
Cystic Fibrosis 


A Cystic Fibrosis — genetic disease due to mutation 
Chloride and bicarbonate in CFTR gene 

CFTR =cystic fibrosis transmembrane conductance 

regulator 


CFTR protein transports chloride and bicarbonate 
across the apical surface of secretory epithelia, 
most notably the sweat gland, airway, 
gastrointestinal tract, pancreas, and vas deferens 


Defective CFTR dehydrates the airway surface 
—w resulting in thick mucopurulent secretions (thick 
Endoplasmic 77 mucus), impaired mucociliary clearance (ciliary 
reticulum í 5 ted : : . 
deficiency), chronic infection, inflammation, and 
progressive structural lung damage. 
(Trapping of chloride ion makes airway 
dehydrated and thickens mucous) 


Shteinberg M. et.al. The Lancet. Seminar] Volume 397. ISSUE 10290, P2195-2211. June 05. 2021 


Clinical evidence — Genetically Impaired Barrier Function 
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Chemical Barriers 


Chemical barriers prevent pathogens from crossing epithelia, 
colonizing tissues, and causing infection using various components 


Complement 


Lipids/Fatty Se. 
acids Zx 
Stomach acid Antimicrobial Enzymes Lysozyme 
(Tears and Saliva) Preformed soluble molecules 
Acids (Low pH) m 
tags bacterium 
for destruction 
Surfactant iti 


cleavage 


Coagulation System 


bacterium 


recruits phagocytes 


Antimicrobial Peptides Kinin System Antimicrobial Enzymes 


Specialized cells can produce anti-microbial peptides to fight infections 
Produced by epithelial cells, phagocytes in GI, respiratory, urogenital tracts, skin and tongue 


Acidic pH of Stomach keeps bacteria at bay 


: | Bacteria swallowed with food 


Stomach Acid 


Stomach acid 


—— an Acid kills microorganisms/pathogens 


Facilitates nutrient absorption 


Antacid/ acid 


blockers 
Pathogens/microorganism easily flourish 


Decreased 
Stomach 


pen Poor nutrient absorption 
Acidity p 


Chemical Barrier: Pulmonary Surfactant 


Surfactant is a chemical substance 
lowers surface tension, which keeps 
the alveoli from collapsing after 
exhalation and makes breathing 
easy 


Neonatal Respiratory Distress 
Syndrome (nRDS): 

Prematurely born baby (born before 
37 weeks of pregnancy)-— lack 
adequate surfactant. 


Ailig A Lack of surfactant > the tiny alveoli 
collapse with each breath 


alveoli 


Treatment: 

Surfactant replacement therapy for 
premature babies is supplemented 
with oxygen or ventilation to help 


p the baby breathe. 
http://www2.hawaii.edu/~yzuo/research1-surfactant.html 


Role of Surfactant in Immune Defense 


Surfactant protein A (SP-A) and 
SP-D bind to a variety of 
bacteria, viruses, allergens and 
apoptotic cells and thereby 
function as opsonins to 
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Wright, J. Immunoregulatory functions of surfactant proteins. Nat Rev Immunol 5, 58—68 (2005). 


Nature Reviews | Immunology 


Chemical Barriers: 
Coagulation Cascade and the Kallikrein-Kinin Pathway 


Triggering of the Kallikrein-kinin pathway results in the release of vasoactive kinins 


(bradykinin-related peptides) which play a role in inflammation, blood pressure control, 
coagulation as well as pain. 


In inflammatory responses, the intrinsic coagulation pathway limits pathogen 
dissemination and supports pathogen killing as well as tissue repair. 


Infla mmatory mediators 
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Chemical Barriers: Antimicrobial Enzymes and Peptides 


e Antimicrobial enzymes 
e Lysozyme - glycosidase, breaks down peptidoglycan in bacteria causing 
osmotic lysis Found in tears, saliva, human milk, and mucus 
e Phospholipases - is a phospholipid-hydrolyzing enzyme that penetrates the 
bacterial cell wall and hydrolyzes the phospholipids in the bacterial 
cytoplasmic membrane, generating many bioactive lipid mediators or 
second messengers 
e Antimicrobial peptides (30-40 amino acids long) 
e Defensins — a, B, q (humans make a, B forms only) - can insert into the 
membranes of pathogens and disrupt the integrity of membrane. 
e Cathelicidins - primarily stored in the lysosomes of macrophages and 
polymorphonuclear leukocytes 
e Histatins (produced in oral cavity, antifungal) - histidine-rich (cationic) 
antimicrobial proteins disrupts fungal cell wall 
e Lecticidins (carbohydrate binding) 
e Complement (need activation) 
e Anaphylatoxins (complement peptides) 
e a2- Macroglobulin — microbial protease 


STUDY AID 


Stomach acid 


Lysozyme digests the cell walls of Gram-positive and Gram- 
negative bacteria 


lipopolysaccharide surface 
(LPS) protein (Kee 
teichoic surface lipoteichoic 
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LPS = Lipopolysaccharide — composed of lipid A attached a polysaccharide core 


Lysozyme is more effective against Gram-positive bacteria because of the relatively 


greater accessibility of the peptidoglycan 


Lysozyme Vs Phospholipase 
e Lysozyme, Glycosidase that breaks down peptidoglycan in bacteria causing osmotic lysis 
e Predominant peptide in all body secretions (up to mg/ml) 


e Good activity against gram-positive bacteria 


e Species-specific activity against gram-negative bacteria 


e lysozyme 
(\) 


Phospholipases 


Phospholipase A2 is an enzyme that penetrates the bacterial cell wall and hydrolyzes the 
phospholipids in the bacterial cytoplasmic membrane. 


Antimicrobial peptides: Defensins 


Small 35-40 aa proteins 


Are amphipathic (Contain both hydrophobic and 
hydrophilic regions) 


Secreted by epithelial cells as well as immune cells 
and Paneth cells. 
e Paneth cells — Main source of Defensins in the 
intestine. 
e Paneth cells are located in the crypts of the 
small intestine 


Mechanism of action: 


e Peptides insert into the membranes of 
pathogens and disrupt the integrity of 


membrane. 
e Microbial killing through membrane 
permeabilization 


Defensins work better in harsh environments of the 
gut lumen, tears or the phagosome. 


defensin © 
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Evasion by pathogens: Pathogens 
can evolve to resist the action of 
defensins and in turn, humans can 


evolve to counteract these changes 
in the pathogens. 


Epithelia form specialized physical and chemical barriers 
that provide innate defence 


goblet cell 


macrophage 


Paneth cells 


a a-defensins e Reglll 


In the intestine, epithelial cells and Paneth cells—specialized cells deep in the epithelial 
crypts— produce several kinds of antimicrobial proteins: a-defensins (cryptdins) and the 
antimicrobial Reglll proteins. 


Defensins prevent disease by denaturing microbial toxins 


Bacillus anthracis lethal factor HNP1,2,3 | a | Enzyme | Neutralizes lethal factor 
Diphtheria toxin, Pseudomonas Inhibit toxins’ enzymatic 
sal a OZ aan 
Clostridium difficile toxin HNP1,3 HD5 a feme = enzymatic 
Cholesterol-dependent l se 

cytolysins HNP1,3 HD5 | a | Pore formaton Inhibit cytolysins 

ag: Inhibit toxins’ actin cross- 
Vibrio cholerae, eae 
Aeromonas hydrophila toxins HNPT, HDS po | eam at E cysteine protease 
Staphylococcus aureus Decreases pore formation 
Panton—Valentine leukocidin HNP3 ja | Poretormaton and prevents neutrophil lysis 

aa Inhibit auto-ADP- 

Neisseria gonorrhoeae toxins LBD1,2,4 OB feme ribosyltransferase 


B. anthracis lethal factor hBD3 Neutralizes lethal factor 


Republished with permission of Walter de Gruyter and Company, from Elena Kudryashova, Stephanie M. Seveau, 
and Dmitri S. Kudryashov, “Targeting and inactivation of bacterial toxins by human defensins,” Biological 


Chemistry 398(10):1069-1085, 2017; permission conveyed through Copyright Clearance Center, Inc. 


Clinical Vignette 


The copy number of a and B defensin genes varies from human to human 


and contributes to the variation in response to infections. 


A cluster of beta-defensin 
genes shows common and 


= extensive variation in copy 


Balance number in humans. 
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Wehkamp, J., Fellermann, K., Herrlinger, K. et al. Mechanisms of Disease: defensins in gastrointestinal diseases. Nat Rev 
Gastroenterol Hepatol 2, 406—415 (2005). 


Cathelicidins 


e Heterogeneous group of antimicrobial peptides 
e Kill by membrane disruption and micelle formation. 
e Produced by neutrophils, megakaryocytes, Keratinocytes, lung 


epithelial cells 
e In neutrophils, they are stored in secondary granules and 


activated by elastases 


Bacterial Cell Wall overlapped by cathelicidins 
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ogee? 29909 M jd ogee? 


Bacterial 
membrane 


=) _— rennin T 
eletet letele "i 


/N 


PRA PRA 
ok A 
®, 7 ? 
SL ©. © g Te B H 
— 
@ © BV wh 
> Membrane disruption by the formation of 
z detergent like effects or micelles formation 3 7 
Leakage of intracellular contents 


Biomolecules 2017, 7(4), 80 


rir 
N 
“3 


Human Cathelicidins 
Peptide ZA 


http://modbase.compbio.ucsf.edu 


Zymogens are enzymes/proteins that are inactive until 
activated (activated by proteolytic cleavage) 


Cleavage by proteases 


Activated by proteolysis 


Why? 


Back up control for uninhibited immune response 


Regulation 


a2- Macroglobulin inhibits microbial proteases 


e Pathogens secrete proteases or hijack host proteases 

e Microbial proteases cause tissue and cell damage and enable pathogen dissemination as well as 
inactivate antimicrobial proteins 

e Some pathogens like Streptococcus pyogenes acquire human plasmin and in response to this the 
host makes protease inhibitors to protect host cells which constitute ~10% of serum proteins 
that are protease inhibitors 

e a2- Macroglobulin is similar to C3, lures a protease, and inactivates it by making it inaccessible. 

e Secreted by liver (and also macrophages — induced innate immune response) 


protease | thioester 


)-macroglobulin 


Bait and trap microbial proteases Microbial protease cleaves bait but gets trapped instead 


Chemical Barrier: The complement system 
Immediate Innate Immune Response 
e What is Complement? 
e Complement activation 


e Results of complement activation 


LYSIS OPSONIZATION ACTIVATION OF CLEARANCE OF 
INFLAMMATORY RESPONSE IMMUNE COMPLEXES 
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of complex í 
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Figure 7-1 
Kuby IMMUNOLOGY, Sixth Edition 
© 2007 W. H. Freeman and Company 


Know the difference 


e Complement System 


e Complement Protein 


e Complement Activation 


What is the Complement System? 


A system of soluble plasma proteins (found in 
blood; complement protein) 


They recognize danger signals (presence of 
pathogens) and get triggered 


Initiates a cascade of enzymatic reactions — 
Complement activation pathways 


Has multiple pathways of activation 


In complement pathways, complement proteins 
activate one another via proteolytic cleavage to 


mark (opsonize) pathogens for destruction by 
phagocytes or directly lyse them. 


Complement system = complement cascade 
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igure 7-1 
Kuby IMMUNOLOGY, Sixth Edition 
© 2007 W. H. Freeman and Compai 


What are Complement Proteins? 


Soluble plasma proteins (pre-formed or newly produced and 
secreted molecules) 


Proteases -an enzyme that breaks down proteins 


Zymogens — proteins/enzymes that remain inactive until activated 


Heat-labile (susceptible to heat) component of normal plasma 
(serum) 


e Inactivated at 56 °C (enzymes denature) 


Sources of complement proteins 

e Hepatocytes (liver/major source) 

e Monocytes (blood) 

e Macrophages (tissues) 

e Epithelial cells (especially in GI tract) 


dreamstime.com ID 214297990 © Volodymyr Dvornyk 


There are around 50 complement proteins that have been identified. 


Complement Proteins are activated by 
Proteolytic Cleavage 


C3 complement Protein 
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Complement Protein after Cleavage 
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cleavage 
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Small soluble fragments — Subunit ‘a’ 
Larger fragments — Subunit ‘b’ Ta > 
Subunit ‘a’ 


What is Complement Activation? 


Complement Activation is the specific process by which a 
complement protein (C3 or C5) is cleaved (proteolytic cleavage), 
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Step 5: Attack - Formation of Membrane Attack Complex (MAC) 


C5 Convertase cleaves and activates C5 into C5b, which binds to pathogen surface 
and initiates formation of MAC 
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Step 5: Formation of Membrane Attack Complex (MAC) 


Activation of C5 initiates the assembly of the membrane attack complex (MAC) 
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C5 > C5b>C5bC67>C5b678>9C9 binds C5b678 and polymerization ofthe terminal complement sequence. Annals 
of Hematology 60(6):309-318 June 1990. © 
1990 With permission from Springer-Verlag. 


e C7 interacts with the membrane via its hydrophobic domain and recruits C8. 

e The hydrophobic domain of C8 inserts into the membrane and recruits C9 subunits. 
e C9 binds the complex C5b678 and polymerizes. 

e Sequential steps 

e Causes bacterial membrane damage 
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Infectious agents activate the innate immune system and induce an inflammatory response 
and causes the symptoms that we associate with infection 


Inflammation is the localized response by the host to injury or 
infection during which a part of the body becomes reddened, swollen, 
hot, and often painful, especially as a reaction to injury or infection 
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Infectious agents activate the innate immune system and induce an inflammatory response 
and causes the symptoms that we associate with infection 
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Inflammatory Mediators 
Mediators of Inflammation 
Mediators are the substances that initiate and regulate inflammatory reactions 
e Cell-derived (Pre-formed or newly synthesized by both immune and non- 
immune cells) 
e Pre-formed > Histamine (Mast cells); Serotonin (Platelets) 
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Neuropeptides) [Induced Innate Immune Response] 
e Plasma protein-derived (Synthesized and secreted mainly by liver or other 
immune cells) 
e Complement — C3a, C5a; Hageman factor XII etc. 
e Vasoactive amines, lipid products, cytokines and products of complement 
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to antigen 

e Under normal conditions, Ics are rapidly 
cleared. 


Large ICs 
Small ICs Rapid Clearance is Difficult 


Ag-Ab complexes 


Why are immune complexes bad? 


Examples of diseases: 
e Immune 
Glomerulonephritis 


e Immune vasculitis 
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Y Y Deposited on blood Treatment: 
endothelium, in Plasmapheresis to remove 
Antibody Immune complex organs (glomerulus auto-antibodies or 
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in kidney) (Potentially) 


Infection => Glomerulonephritis results from the 
Ex. Streptococcal glomerular deposition of circulating 


Pharyngitis immune complexes 


So, what do we do with Immune Complexes? 


Immune Complexes 
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Clearing of Immune Complexes 


Tissue damage can result 
from build up of immune 
complexes — therefore 
should be cleared 


C3b coats immune 
complexes 


e RBCs have the capability iain 
(> 


of binding C3b-coated 
complexes and carrying 
them to the liver and 
spleen to be cleared 


Deficiencies with any of 
complement may result 
in improper binding of 
C3b and loss of clearing 
may occur 
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Post-infection Glomerulonephritis 


Acute Postinfectious Glomerulonephritis in Children 
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Regulation of Complement 
Activation 


Why do we need to regulate 
Complement Proteins? 


Regulators of complement have a common protein structure called the complement 
control protein (CCP) module 


Why do we need to regulate Complement Proteins? 


Complement proteins are inactive until activated by 
the presence of pathogens or opsonized pathogens 
— However, C3 can get spontaneously activated 
Complement fixation is not specific for pathogens 
(non-specific) 
— When activated, can be fixed on any membrane 
— Effector function of the system is not focused solely on the 
targets to be neutralized, but also may involve bystander 
cells 
Complement recognizes selectively foreign 
pathogens and damaged self cells, using different 
recognition molecules in each pathway 
— For Lectin and Classical pathway, activation is specific 


The undesired effects of complement activation are 
controlled by several complement regulators 


Inhibitory activity is manifested by natural complement regulatory 


proteins 
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DAF> decay-accelerating factor 

MCP> membrane cofactor protein (also 

known as CD46) 


| Factor H and I 


Regulatory proteins determine the extent and site of C3b 
deposition 


e Positive Regulators — Increase formation of C3b 
and C3b deposition (Complement Fixation) 
— Properdin (Factor P) 


e Negative Regulators — Decrease formation of 
C3b and C3b deposition (Complement Fixation) 
— Factor H, Factor |, DAF and MCP 
— CD59 — Prevent MAC formation 


Negative regulators 


Regulatory proteins determine the extent and site of C3b deposition 


Properidin: Positive Regulator, stabilizes C3 convertase 
a g Properdin (Factor P) binds to and 
Bb protects the C3 convertase from 


degradation by proteases and stabilizes 
C3bBb 
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Factor H and Factor | counter the effect of 
Properdin by binding to C3 and facilitating 
cleavage to iC3b, thus inactivating C3b 


DAF disrupt C3 convertase C3bBb by 

A displacing Bb 

ics} MCP inactivates C3b on host surfaces, thus 
preventing host cell damage 


Regulatory proteins determine the extent and site of C3b deposition 
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DAF~> decay-accelerating factor 
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(also known as CD46) Membrane Attack Complex (MAC 


Properdin-deficient individuals are 
susceptible to infection with Neisseria 
meningitidis a 
Clinical 


relevance 
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e Properdin also play an important 
role in augmenting the C3b 
deposition on Neisseria meningitidis 
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Opsonization, activation of 
terminal complement components 


Pathogens lack complement-regulatory 
proteins. Binding of properdin stabilizes 
the C3bBb complex 
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Pathogen surface 
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C3bBb complex is a C3 convertase 
and deposits many molecules 
of C3b on the pathogen surface 


Opsonization, activation of 
terminal complement components 
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On host cells, complement-regulatory 
proteins CR1, DAF, and H cause a 
displacement of Bb from C3b, eliminating 


C3 convertase activity 
alternative pathway 
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complement on host-cell surfaces 


Normally, at the end of an immune response, C3B are inactivated by Factor H and Factor | 


pathogen surface 


Some pathogens such as Neisseria meningitidis, express factor H-binding protein (fHbp) 
which protects the meningococcus from the human complement system 


Neisseria surface 


Meningococcal factor H-binding protein (fHbp) binds human Factor H and inactivates 
C3b deposited on the bacterial surface and bacteria evades elimination. 


Clinical 
relevance 


Vaccination with Neisseria factor H-binding protein (fHbp) 
prevents infection from taking hold 


Factor H binding protein (fHbp) is a component of two licensed meningococcal serogroup B vaccines 


Vaccination with Factor H binding protein (fHbp — antigen) will result in generation of 
fHbp-specific anti-fHbp antibodies 

In presence of specific anti-fHbp antibodies, factor H cannot bind fHbp, complement is 
then fixed, and bacteria will be killed 


Neisseria surface 


Study of genome sequences of human pathogens > new avenues for making vaccines 


CD59 prevents assembly of the MAC on human cells 


Stages at which complement activity is regulated 


The terminal components of complement CD59 prevents final assembly 
form a membrane pore— of the membrane-attack complex 
the membrane-attack complex at the C8 to C9 stage 
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Pathogen surface Human surface 


This protects human cells from destruction by complement even after they get activate 
On human cells CD59 prevents polymerization of C9 


Homologous Restriction Factor (HRF) (found on RBCs) also works the same way 
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relevance 


Genetic mutations in GPI-linked 
proteins result in loss of CD55 and 
CD59 expression and cause — 
Paroxysmal nocturnal 
hemoglobinuria (PNH). 


Normally, GPlI-linked proteins, CD55 
and CD59 protect normal cells from 
complement activation and 
hemolysis. 


In PNH, spontaneous Complement 
activation leads to destruction of 
RBCs. 


c3 
l MAC-mediated 


intravascular 
hemolysis 


DAF and MCP are also GPl-linked proteins. 


GPI > Glycosylphosphatidylinositol-linked Proteins are 
involved in several biological pathways, as well as in signal 
transduction, immune response, and prion disease pathogen 


Pathogens produce several types of proteins that can inhibit 
complement activation 
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Figure 2.38 Janeway’s Immunobiology, 9th ed. (© Garland Science 2017) 


Phase II: Innate Responses mediated by Specialized innate immune 
cells (resident and recruited), PAMPs (Pathogen-associated molecular 
patterns) phagocytosis, cytokines, chemokines, inflammation 
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What happens in phase II? 
1. Recognition of PAMPs 
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immediate innate immune 
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Innate cells recognize PAMPSs via pattern recognition receptors (PRR) and initiate different set of 
mechanisms to eliminate infections 


May eliminate infection, or contain until adaptive immunity kicks in 
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All pathways generate a C3 
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C3b bound to the microbial surface 
and releasing C3a 
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Figure 2.12 Janeway’s Immunobiology, 8ed. (© Garland Science 2012) 


Complement 
Fixation is the 
attachment of C3b to 
pathogen surface 


Completion of the complement 
cascade leads to formation of a 
membrane-attack complex (MAC), 


which disrupts cell membrane and 
causes cell lysis 


(Edited with 2017 fig) 
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ED become convertases in the pathway 


in combination with other activated 
complement proteins 


Lectin pathway C4b2a 
C3 
tags bacterium Classical pathway C4b2a 
™ yy 


© © 


for destruction 
Alternative pathway C3bBb 
Fluid phase C3(H20)Bb 
cleavage 


ae Lectin pathway C4b2a3b 
Ta > Classical pathway C4b2a3b 
recruits phagocytes 
Alternative pathway C3b.Bb 
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Summary Chapter 2 


Physical barriers colonized by commensal microorganisms protect against 
infection by pathogens 

Different immune responses are targeted to extracellular and intracellular 
infections 

Complement is a system of plasma proteins that mark pathogens for destruction 
At the start of an infection, complement activation proceeds by the alternative 
pathway 

Regulatory proteins determine the extent and site of C3b deposition 

The macrophage is a first line of cellular defense against an invading 
microorganism 

The terminal complement components make pores in microbial membranes 
Small peptides released during complement activation induce local inflammation 
Several systems of plasma proteins limit the spread of infection 

Defensins are antimicrobial peptides that kill pathogens by disrupting their 
membranes 

Pentraxins are plasma proteins that bind microorganisms and deliver them to 
phagocytes 


